Abstract: The aims of this study were to adapt the Job Factors Questionnaire to the field of dentistry, evaluate its psychometric properties, evaluate dental students' perceptions of work/study risk factors for musculoskeletal disorders, and determine the influence of gender and academic level on those perceptions. All 580 students enrolled in two Brazilian dental schools in 2015 were invited to participate in the study. A three-factor structure (Repetitiveness, Work Posture, and External Factors) was tested through confirmatory factor analysis. Convergent validity was estimated using the average variance extracted (AVE), discriminant validity was based on the correlational analysis of the factors, and reliability was assessed. A causal model was created using structural equation modeling to evaluate the influence of gender and academic level on students' perceptions. A total of 480 students completed the questionnaire for an 83% response rate. The responding students' average age was 21.6 years (SD=2.98), and 74.8% were women. Higher scores were observed on the Work Posture factor items. The refined model presented proper fit to the studied sample. Convergent validity was compromised only for External Factors (AVE=0.47), and discriminant validity was compromised for Work Posture and External Factors (r 2 =0.69). Reliability was adequate. Academic level did not have a significant impact on the factors, but the women students exhibited greater perception. Overall, the adaptation resulted in a useful instrument for assessing perceptions of risk factors for musculoskeletal disorders. Gender was found to significantly influence all three factors, with women showing greater perception of the risk factors.
and at the lowest cost to researchers. Their use may therefore be advantageous in educational environments. In addition, these methods can assist in the screening and monitoring of at-risk individuals and may assist in the development of educational and preventive strategies. Self-administered instruments are based on individual reports of perceptions and therefore contain theoretical concepts. 9 Thus, to confirm the validity and reliability of data produced by studies using those instruments, their psychometric properties should be evaluated as well.
An important example of the instruments that assess an individual's perceptions of risk factors for musculoskeletal disorders is the Job Factors Questionnaire. 5 This instrument addresses postural aspects, work-related issues, and organizational factors and is widely used in ergonomics research, 6 ,10-12 although its generic nature may limit its use in specific professions M usculoskeletal disorders manifest early among dental professionals: they can affect individuals still in training and impact their learning process. [1] [2] [3] Due to the irreversibility of dental procedures, students focus on implementing the techniques they have learned and may not be aware of the external factors affecting their work. 1, 4 Therefore, it is important to evaluate dental students' perceptions of risk factors involved in the development of musculoskeletal disorders. 1, 5, 6 Such assessments may provide insight into the adequacy of the training process to protect dentists' occupational health. tion with degrees of freedom (χ 2 /df), comparative fit index (CFI), Tucker Lewis index (TLI), root mean square error of aproximation (RMSEA), and standardized root mean square residual (SRMR). 15, 16 The global fit was considered adequate when χ 2 /df≤2.0, CFI and TLI≥0.90, RMSEA≤0.10, and local fit was considered adequate when λ≥0.40. In addition, values of SRMR<0.08 were considered to be indicators of good fit. 15 When the model did not fit to the sample, it was refined by considering the λ values and the modification indices. The latter were estimated using the method of Lagrange multipliers (LM), as proposed by Maroco. 15 Convergent validity was assessed using average variance extracted (AVE) according to Fornell and Larcker's proposal. 17 Values of AVE j ≥0.50 were considered indicative of adequate convergent validity. 15, 18 Discriminant validity was evaluated through an analysis of the correlations between the factors and was considered adequate when AVE i and AVE j were ≥r ij 2 . Reliability was estimated using Cronbach's alpha coefficient (α) and composite reliability (CR). Reliability was considered adequate when α and CR were ≥0.70. 17, 19 To verify the contribution of gender and academic-level variables on the students' perceptions of work/study risk factors involved in musculoskeletal disorders, a hypothetical causal model was created using structural equation modeling. The model was evaluated in two stages using the MPLUS 7.2 program (Muthén & Muthén, Los Angeles, CA, USA). In the first stage, the model's quality of fit was assessed using χ 2 /df, CFI, TLI, and RMSEA. The fit of the model was determined to be adequate using the same methods as for the instrument's validation process. 15 In the second stage, the Z-test was used to assess the contribution and significance of trajectories (β) using a 5% significance level. The analyses were performed on the Statistical Package for the Social Sciences (SPSS) software, version 22.0, the MPlus software, version 7.2, and the R program (Core Team, 2016).
Results

Adaptation and Pretest of Questionnaire
Item selection, grouping into domains, and evaluation of psychometric properties were all performed as part of the questionnaire adaptation process. [20] [21] [22] The original Job Factors Questionnaire assesses workers' perceptions of risk factors and the such as dentistry. Even though many researchers in health professions education prefer to develop their own assessment instruments for specific contexts, the adaptation of an existing instrument may be more advantageous, particularly if its psychometric properties have been previously evaluated. 13 Thus, the adaptation of the Job Factors Questionnaire to dentistry can offer an important option for screening risk factors for musculoskeletal disorders in that field. In light of these factors, the aims of this study were to adapt the Job Factors Questionnaire to the field of dentistry, evaluate its psychometric properties, evaluate dental students' perceptions of work-study risk factors for musculoskeletal disorders, and determine the influence of gender and academic level on those perceptions.
Methods
This study was approved by the Ethics Committee for Research with Human Subjects of São Paulo State University (Unesp) School of Dentistry, Araraquara (Registry No.: 31053214.4.0000.5416). In this observational cross-sectional study, the population was students from two Brazilian dental schools: Unesp School of Dentistry, Araraquara, and University of Araraquara (UNIARA) School of Dentistry. All 580 students enrolled in the two schools in 2015 were invited to participate (Unesp n=375; UNIARA n=205).
The minimum sample size was estimated following Hill and Hill's recommendation for at least five individuals per investigated model parameter. 14 Thus, for our study, the minimum sample size should be 195 individuals (18 items, 18 errors related to items, and three correlations between factors). Information on gender and academic level was collected in order to characterize the sample.
After development and pretest of the final version of the adapted instrument, it was administered to dental students in the classroom at a time previously scheduled with professors at the two universities. Before completing the questionnaire, students were instructed that their participation was voluntary and that only those who provided informed consent would be part of the study.
Construct validity of the adapted questionnaire was assessed based on factorial, convergent, and discriminant validities. To evaluate factorial validity, a confirmatory factorial analysis (CFA) was performed using the Pearson's correlation matrix by the maximum likelihood estimation method. The following goodness of fit indices were used: chi-square distribu-
Administration of JOB-D
A total of 480 students (Unesp n=310; UNIA-RA n=170) completed the questionnaire and signed the informed consent, for an 83% response rate. The participating students' average age was 21.6 years (SD=2.98), and three-fourths (74.8%) were female. Among these students, 23.8% were enrolled in the first year, 22.9% in the second year, 22.7% in the third year, 18.5% in the fourth year, and 12.1% in the fifth year.
The distribution of responses to the JOB-D is shown in Table 2 . Responses on item 3 were more highly concentrated in the lower scores, while responses to item 14 were more highly concentrated in the higher scores. A greater frequency of high scores was observed for the Work Posture factor items.
JOB-D Psychometric Properties Analysis
The results of the CFA, AVE, CR, and α of the JOB-D are shown in Table 3 . The analysis found that the complete model did not present a good fit to the sample. Based on the modification indices, item 1 was removed, and a correlation between items 15 and 17 was inserted. This refined model presented an adequate fit to the sample. Convergent validity was compromised in External Factors (AVE=0. 
Discussion
This study was designed and conducted to meet a need in the scientific literature in the field of occupational health education. An instrument (the JOB-D) was developed to evaluate dental students' perceptions of risk factors present in their work/study environment that may contribute to musculoskeletal disorders. With this questionnaire, subjects can be screened for possible risk factors resulting from the contributions of those factors to musculoskeletal disorders. 5 The instrument consists of 15 items with response options on an 11-point scale from 0=not a problem to 10=major problem. In the adaptation process, the three-factor structure (Repetitiveness, Work Posture, External Factors) proposed in previous dental studies was applied. 6, 7 A literature review was first conducted to identify the main environmental risk factors present in the field of dentistry. 23 The second step was to conduct a focus group following the procedures proposed by Presoto et al. and Gatti and performed with the same purpose. 24, 25 The risk factors that appeared most frequently in the literature review and the focus group were used to adapt the original items or create new items.
The resulting proposed instrument initially included the 15 items from the original instrument, which had been adapted to the field of dentistry, plus 15 new items, all distributed among the three previously established factors. Next, four experts on dental ergonomics and measuring instrument validation discussed each item, considering its importance for the concept being evaluated and its influence on the original instrument's structure. After their review, a new version of the instrument consisting of 18 items was created. We called this version the Instrument on Work Factors in Dentistry That May Contribute to Musculoskeletal Symptoms and used it in the pretest.
The title and the items' incomprehension index were evaluated in the pretest. Thirty students from São Paulo State University School of Dentistry, Araraquara assessed each item and were instructed to point out words and/or expressions that were not clear. The items not understood by more than 20% of the students were reformulated and revaluated.
After the pretest, the instrument's title was changed to Work Factors That May Contribute to Musculoskeletal Disorders-Adapted Version for Dentistry (Dentistry Job Factors, JOB-D). Some changes were made to the instructions for completing the instrument. Although the incomprehension index had been lower than 20% for all items, we made minor changes on some items based on the students' and experts' suggestions. The final version of the adapted instrument is shown in Table 1 .
After the adaptation process, three new items were created (4, 5, and 13): items 4 and 5 consider Repetitiveness, and item 13 considers External Factors. These risk factors are closely related to dental students' preclinical and clinical activities and were inserted for this reason. Items 3, 15, and 16 were not changed; however, the other items were adapted to be specific to the field of dentistry. practice of dentistry, thus allowing for the creation and evaluation of educational and preventive strategies involving these factors, even in the university environment. Furthermore, it is important to note that the instrument was validated for the sample using a confirmatory approach, which provided evidence of the validity of its internal structure and reliability of the adapted version to the field of dentistry. Nevertheless, its use in a sample of dental students from other locations requires new assessment of its internal structure as conducted through confirmatory factor analysis. During the Job Factors Questionnaire adaptation process, some terms were removed or inserted: in particular, confusing items that could be misinterpreted or generate inappropriate responses were removed as they could affect the reliability and validity of the data. 13 The responses scale was maintained similar to that of the original Job Factors Questionnaire as well as its interpretation process and use of scores. 5 In spite of the modifications made, the construct of the original instrument (perceptions of work/study risk factors that may contribute to musculoskeletal symptoms) was maintained in the adapted instrument. Items 4 (stability of hands when performing procedures), 5 (difficulty supporting the hands when performing procedures), and 13 (working in an environment without adequate lighting) were added as important issues in the day-to-day activities of dental professionals. Items 4 and 5 are related to each other and consider the support and stability of hands while performing dentistry work. Because dentistry is a profession that requires manual dexterity, 4 the professional's hands must be stable for performing dental procedures. Instability in the hand movements, as small as they may be, can cause harm to the patient. To obtain stability, hands must be well supported on a hard tissue in the oral cavity. If this does not occur, hand stability will be achieved by the constant contraction of the muscles of the arm, forearm, and upper back. Such posture results in lactic acid accumulation, reduction in oxygen levels, fatigue, and muscle pain. 23 Item 13 considers the lighting in the work environment. Because the dentist's work field is small, dark, full of shadows, and difficult to access, 24 lighting is essential for performing the work in an adequate posture. 4 If the work field is not adequately illuminated, dentists tend to tilt and twist the spine and/or neck toward the oral cavity. 2 These rotational movements shorten the muscles responsible for them and lead to ischemia, pain, and spinal misalignment. 23, 26 Meanwhile, inclination of the torso requires greater muscule contraction of chest and upper back to support the weight of the head. had not been adapted for dentistry, they also did not find significant difference in the scores of second-to fifth-year students, observing smaller and different scores only for the first-year students. 6 In our study, gender was found to significantly affect all three of the instrument's factors (Repetitiveness, Work Posture, and External Factors), a finding indicating that the women exhibited greater perception of risk factors involved in this work/ study environment. According to Hooftman et al. and Heilskov-Hansen et al., the higher perception exhibited by women may involve their greater propensity to express pain or symptoms, either because it is easier for women to express their feelings or because they have a lower threshold for detecting pain or symptoms. 29, 30 According to another study by Hooftman et al., 31 a similar exposure to the same risk factor among men and women may have had a greater effect on women due to biological differences (body size, muscular capacity, aerobic capacity, and hormonal conditions) or to psychological differences (such as coping strategies).
In addition to the impact of variables on students' perception in our study, we observed that the instrument items that presented the highest number of responses with high scores were those related to the Work Posture factor. This finding was also reported by Anton et al. and Goldsheyder et al. 10, 11 The greater perception of the Work Posture factor may have occurred for two reasons. One reason is that the subjects perform their work sitting down, which, despite being more advantageous than standing work for dentists, can result in musculoskeletal symptoms if performed improperly. 1, 2 In addition, the students evaluated in our study had received training on ergonomic work posture and its relationship to musculoskeletal disorders as part of their program. As a result, it may have been easier for these subjects to identify posture-related risk factors. This finding reinforces the importance of including courses on occupational health as part of dental curricula. 2, 4 A possible limitation of our study is that it was conducted with a non-probabilistic sampling, which may limit its external validity. Nevertheless, it provided a screening instrument for determining perceptions of risk factors associated with musculoskeletal disorders adapted to the field of dentistry that has now been validated for the sample using a strong program approach, thus ensuring validity and reliability. Since the study was conducted at only two dental schools, its results may not be generalizable to students in other schools. Due to the importance of instruments such as this for dentistry and occupational health, we encourage researchers to conduct additional studies with the adapted instrument; they Along with the addition of Items 4, 5, and 13, we made some changes to Items 1 to 3, 6 to 9, 11, 12, 14, 16, and 18. Changes included the insertion or removal of words/terms and/or word replacement by synonyms to make them better targeted to dentistry while still remaining grammatically correct. The items were adapted in such a way that the instrument's theoretical structure was not compromised, which would have occurred if many items had been added to the originally proposed structure.
Despite these precautionary steps in the adaptation process, we found that the JOB-D internal structure initially proposed did not present adequate goodness of fit indices for the student population studied (Table 3) . Therefore, the model was refined through the exclusion of Item 1. Its focus on doing the same task constantly may not be compatible with dental students' activities, which are usually varied and distinct.
After the JOB-D was refined, a good fit of the model was obtained, thereby guaranteeing its internal structure validation for the sample. It is important to note that, in this study, validation was performed using the strong program approach, which considers the weight of each item, each item's saturation in the factor in which it is inserted, and the structure's overall fit to the sample. 27 The use of this approach requires a strong theory defined a priori that also supports the concept being evaluated, which was applicable in the case of the Job Factors Questionnaire. 28 Garcia et al. also used the strong program approach to validate the original 15-item instrument applied to a sample of Brazilian dental students. 7 As in our study, the three-factor model presented adequate fit to the data after refinement.
However, studies involving the Job Factors Questionnaire, whether in its original form or an adapted version, 12, 22 have used the weak program approach, 27 in which construct validity is evaluated based on correlation of the instrument with other instruments that measure similar concepts. According to Kane, this type of approach must be exploratory: it can lead to results that do not correspond to what it is truly meant to evaluate, since correlations can occur between variables with no theoretical relationships. 28 After the valid and reliable JOB-D was confirmed, the impact of the sample characteristics on the factors was analyzed. There was no influence of course year on the three factors of JOB-D. These results can be explained by the dental courses' curricular structure of the evaluated students. In this curricular structure, students perform preclinical laboratory activities and clinical activities directly related to dentistry from the second year onwards. When Garcia et al. used the original Job Factors Questionnaire that will be most beneficial if the sample consists of individuals with characteristics that differ from the students in our study.
Conclusion
Our Job Factors Questionnaire adaptation to the field of dentistry resulted in a useful instrument for evaluating dental students' perceptions of the risk factors involving musculoskeletal disorders. Gender was found to significantly influence all three factors, with women presenting greater perception of these work/study-related risk factors.
